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A B S T R A C T

Background: Older candidates for transcatheter aortic valve replacement (TAVR) frequently pre-
sent with both cardiac and noncardiac comorbidities. There are few risk scores that evaluate a
wide range of comorbidities.
Methods: Patients who underwent TAVR for severe aortic stenosis were retrospectively evaluated.
A new prediction model (Cardiac and nonCardiac Comorbidities risk score: 3C score) was
determined based on coefficient in the multivariate Cox regression analysis for two-year all-cause
mortality. C-statistics were assessed to compare the predictive abilities of the 3C score, the
Charlson Comorbidities Index (CCI) score, the European System for Cardiac Operative Risk
Evaluation (EuroSCORE) II, and the Model for End-stage Liver Disease eXcluding International
normalized ratio (MELD-XI) score.
Results: The present study included 226 patients (age, 86 ± 5 years; males, 38 %). The values of
the CCI score, EuroSCORE II, and MELD-XI score were 2 (1–3), 3.36 (2.12–4.58), and 5.35
(3.05–8.55), respectively. Multivariate Cox regression analysis identified two cardiac (left ven-
tricular ejection fraction [LVEF] <40 % [2 points]; pulmonary hypertension [1 point]) and three
noncardiac comorbidities (hepatobiliary system impairment [3 points]; estimated glomerular
filtration rate <30 ml/min/1.73 m2 [1 point]; cachexia [1 point]). The C-statistics of the 3C score,
EuroSCORE II, MELD-XI score, and CCI score were 0.767 (0.666–0.867), 0.610 (0.491–0.729),
0.580 (0.465–0.696), and 0.476 (0.356–0.596), respectively (p < 0.001).
Conclusions: Among cardiac and noncardiac comorbidities, special attention should be given to
hepatobiliary system impairment and reduced LVEF in older patients following TAVR. The 3C
score may contribute to the risk stratification.

Abbreviations: AS, aortic stenosis; CCI, Charlson Comorbidities Index; CI, confidence interval; CKD, chronic kidney disease; EuroSCORE, Eu-
ropean System for Cardiac Operative Risk Evaluation; HR, hazard ratio; LVEF, left ventricular ejection fraction; MELD-XI, Model for End-stage Liver
Disease eXcluding International normalized ratio; PH, pulmonary hypertension; TAVR, transcatheter aortic valve replacement.
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1. Introduction

Severe aortic stenosis (AS) can lead to high rates of mortality and hospitalization for heart failure, syncope, and chest pain. Its
prevalence increased with age, varying from 0.2 % in the 50–59 year cohort, 1.3 % in the 60–69 year cohort, 3.9 % in the 70–79 year
cohort and 9.8 % in the 80–89 year cohort [1]. Transcatheter aortic valve replacement (TAVR) has emerged as an alternative inter-
vention for older patients at high or prohibitive surgical risk in the past two decades. TAVR reduced one-year all-cause mortality
compared to medical therapy or balloon aortic valvuloplasty in the PARTNER trial [2]. Previous randomized controlled studies
demonstrated comparable benefits of surgical intervention and TAVR in terms of all-cause and cardiac mortality, even in such fragile
patients [3,4]. As a result of a decreased incidence of cardiac mortality, the majority of patients has been reported to undergo
noncardiac death following the procedure [5]. It is important to evaluate noncardiac comorbidities appropriately to identify patients at
high mortality risk after TAVR, considering the many older candidates and the high cost of the procedure. The Charlson Comorbidities
Index (CCI) score is a representative prediction model that includes a wide range of comorbidities [6], and it has been well validated
for the prediction of mid- or long-term mortality in various diseases [7,8]. However, along with medical progress, the prognostic
impact of each variable has changed dramatically. Acquired immunodeficiency syndrome (AIDS) is no longer a lethal infection [9].
Recent breakthroughs in the field of oncology have led to improved survival rates [10]. Therefore, a new prediction model is necessary
to identify patients at high mortality risk after TAVR and propose novel treatment options. Many studies have reported associations of
certain comorbidities, such as liver impairment, with mortality, e.g. the Model for End-stage Liver Disease eXcluding International
normalized ratio (MELD–XI) score, which can determine a treatment strategy in the setting of liver cirrhosis, has been reported to
predict short-term mortality in patients following TAVR. However, its predictive ability is as low as 0.67, which indicates rather weak
prediction [11]. Although the Combined Comorbidity Score includes various comorbidities and predicts short- and mid-termmortality
[12], each variable in this score is not weighted on the basis of coefficients. Thus, the current study aimed to construct a new prediction
model that includes cardiac and noncardiac comorbidities based on the weighting of each coefficient to avoid futile procedures.

2. Methods

2.1. Study design and population

This retrospective cohort study included consecutive patients following TAVR for severe AS at Showa University hospital from
2015 to 2022. A multidisciplinary heart team made recommendations for TAVR, based on the severity of AS, cardiac function,
anatomical findings, clinical manifestations, clinical conditions, exercise capacity, and prognosis. Patients without information
regarding left ventricular ejection fraction (LVEF, n = 3) or hepatobiliary system parameters such as total bilirubin (TB), alkaline
phosphatase (ALP), and gamma glutamyl transferase (GGT) (n = 10) were excluded from the current evaluation.

2.2. Data collection

Information on patient backgrounds such as age, sex, body mass index (BMI), medical history, cardiac- and noncardiac comor-
bidities, the European System for Cardiac Operative Risk Evaluation (EuroSCORE) II, laboratory data, echocardiographic findings,
medications prescribed at discharge, and two-year outcomes (including all-cause, cardiac, and noncardiac mortality) were collected.
Ultrasound cardiography was evaluated by highly experienced cardiologists or clinical technologists within three months prior to the
procedure. Left ventricular ejection fraction (LVEF) was measured using the modified Simpson’s method. Causes of death were
determined by two or more cardiologists or cardiac surgeons on the basis of pathologic autopsies or medical charts.

2.3. Study outcome and follow-up

The present study assessed two-year all-cause mortality. The follow-up was completed on the earliest of the last medical interview
date, the last examination date, or the date when the outcome was recorded.

2.4. Definitions

The CCI score is the sum of nineteen weighted comorbidities. Each comorbidity is assigned a weight from 1 to 6: (1 point:
myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic obstructive
pulmonary disease (COPD), connective tissue disease, ulcer disease, mild liver disease, diabetes; 2 points: hemiplegia, moderate or
severe renal disease, diabetes with end-organ damage, any tumor, leukemia, lymphoma; 3 points: moderate or severe liver disease; 6
points: metastatic solid tumor, AIDS) [6]. According to the CCI criteria, mild increases in liver enzymes indicating chronic hepatitis or
cirrhosis without portal hypertension was regarded as mild liver disease. Moderate or severe liver disease included patients who had
cirrhosis with portal hypertension, ascites, chronic jaundice, or a history of variceal bleeding or liver transplantation. Moderate or
severe renal disease included patients with a serum creatinine of >3 mg/dl with and without uremia, dialysis, or a history of trans-
plantation. Reduced LVEF was categorized as an LVEF below 40 %. Pulmonary hypertension (PH) was diagnosed if the systolic
pulmonary arterial pressure (sPAP) was 38 mmHg or higher, as assessed by transthoracic echocardiography [13]. Baseline laboratory
evaluation of hepatobiliary function included TB, ALP, and GGT. TB was regarded as abnormal if it was above 1.2 mg/dL, regardless of
sex. For ALP and GGT, we used sex-specific cutoff values: ALP was considered elevated if above 130 U/L for males or 105 U/L for
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females, and GGT was regarded as elevated if above 59 U/L for males or 39 U/L for females. Hepatobiliary system impairment was
determined by an increase in two or more of the following three parameters: TB, ALP, and GGT [14]. Chronic kidney disease (CKD)
stages 4–5 were diagnosed if the estimated glomerular filtration rate was below 30 ml/min/1.73 m2. Cachexia was defined as the

Table 1
Patient characteristics.

All (n = 226)

Age, years 86 ± 5
Male, n (%) 72 (32)
Body mass index, kg/m2 22.4 ± 3.8
Diabetes, n (%) 56 (25)
Dyslipidemia, n (%) 120 (53)
Hypertension, n (%) 160 (71)
Chronic kidney disease stages 4–5, n (%) 20 (9)
Hepatobiliary system impairment, n (%) 20 (9)
Cachexia, n (%) 49 (22)
Clinical frailty scale 4 (3–5)
CCI score related variables
Previous myocardial infarction, n (%) 19 (8)
Congestive heart failure, n (%) 113 (50)
Peripheral vascular disease, n (%) 55 (24)
Cerebrovascular disease, n (%) 27 (12)
Dementia, n (%) 25 (11)
Chronic obstructive pulmonary disease, n (%) 32 (14)
Connective tissue disease, n (%) 16 (7)
Ulcer disease, n (%) 4 (2)
Mild liver disease, n (%) 20 (9)
Diabetes without end organ damage, n (%) 46 (20)
Hemiplegia, n (%) 3 (1)
Moderate or severe renal disease, n (%) 4 (2)
Diabetes with end organ damage, n (%) 10 (4)
Any tumor, n (%) 33 (15)
Leukemia, n (%) 1 (0)
Lymphoma, n (%) 2 (1)
Moderate or severe liver disease, n (%) 1 (0)
Metastatic solid tumor, n (%) 0 (0)
Acquired immunodeficiency syndrome, n (%) 0 (0)

CCI score 2 (1–3)
EuroSCORE II 3.36 (2.12–4.58)
MELD-XI score 5.35 (3.05–8.55)
Medication
Renin-angiotensin system inhibitors, n (%) 112 (50)
Beta blockers, n (%) 103 (46)
Mineralocorticoid receptor antagonists, n (%) 149 (66)
Loop diuretics, n (%) 175 (77)
Statin, n (%) 113 (50)
Laboratory data
Hemoglobin, g/dL 11.1 ± 1.7
Albumin, g/dL 3.7 ± 0.5
Creatinine, mg/dL 0.9 (0.7–1.1)
Estimated glomerular filtration rate, ml/min/1.73m2 52 ± 19
Total bilirubin, mg/dL 0.7 ± 0.3
Alkaline phosphatase, IU/L 167 (80–235)
Gamma glutamyl transferase, IU/L 20 (14–31)
B-type natriuretic peptide, pg/mL 173 (81–354)
C-reactive protein, mg/dl 0.1 (0.1–0.5)
Echocardiography
Aortic valve maximum pressure gradient, mmHg 78 ± 24
Aortic valve mean pressure gradient, mmHg 46 ± 16
Aortic valve area, cm2 0.7 (0.5–0.8)
Left ventricular end-diastolic volume, ml 78 ± 30
Left ventricular end-systolic volume, ml 34 ± 19
Left ventricular ejection fraction, % 58 ± 11
Left ventricular ejection fraction <40 %, n (%) 18 (8)
Systolic pulmonary arterial pressure, mmHg 32 ± 10
Systolic pulmonary arterial pressure ≥38 mmHg, n (%) 54 (24)
Mitral valve regurgitation severity ≥2+, n (%) 26 (12)
Tricuspid valve regurgitation severity ≥2+, n (%) 49 (22)

CCI, Charlson Comorbidities Index; MELD–XI, Model for End-stage Liver Disease eXcluding In-
ternational normalized ratio.
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combination of BMI <20 kg/m2 and at least one of the following biochemical abnormalities: C-reactive protein >5 mg/L, hemoglobin
<120 g/L, or albumin <32 g/L [15]. MELD-XI was calculated from a formula: 5.11 × ln (TB in mg/dl) + 11.76 × ln (creatinine in
mg/dl) + 9.44 [16].

2.5. Ethics statement

The study protocol adhered to the ethical guidelines established in the 1975 Declaration of Helsinki and followed the Ethical
Guidelines for Epidemiological Research issued by the Japanese government. The current study was approved by the Ethics Committee
of Showa University on July 11, 2022 (the approval number: 22-087-B). The study met the criteria for waiving the requirement of
written informed consent from participants. This waiver was approved by the ethics committee.

2.6. Statistical analysis

Continuous variables are reported as mean ± standard deviation for normally distributed data. For non-normally distributed data,
variables are presented as medians with interquartile ranges. Categorical variables are reported as absolute numbers and percentages.
Continuous variables were analyzed using either unpaired Student’s t-tests or Mann–Whitney U tests, while categorical variables were
evaluated using either Fisher’s exact test or the chi-squared test, as appropriate. The risk of all-cause mortality at 2 years was evaluated
using Cox regression analysis and expressed as a hazard ratio (HR) with the 95 % confidence interval (CI). Multivariate Cox regression
analysis was performed using forward-backward stepwise selection. Variables with a p value less than 0.25 in the univariate Cox
regression analysis were considered for inclusion in the multivariate Cox regression analysis [17]. Multivariate models were con-
structed using at least five outcomes for each predictor [18]. The relative quality of multivariate models was assessed by the Akaike
information criterion and Bayesian Information Criterion. The ability to predict the clinical outcome was firstly evaluated by the

Table 2
Univariate Cox regression analysis for two-year all-cause mortality.

HR 95 % CI p value

Age, an increase of a year 1.07 1.00–1.15 0.054
Male 1.28 0.63–2.58 0.498
Body mass index, an increase of 1 kg/m2 0.85 0.77–0.93 <0.001
Diabetes 0.64 0.26–1.54 0.320
Dyslipidemia 0.59 0.29–1.20 0.142
Hypertension 0.65 0.32–1.35 0.250
Previous myocardial infarction 1.09 0.33–3.57 0.887
Congestive heart failure 1.04 0.53–2.05 0.900
Peripheral vascular disease 1.41 0.68–2.96 0.358
Cerebrovascular disease 0.72 0.22–2.36 0.591
Dementia 1.16 0.41–3.28 0.787
Chronic obstructive pulmonary disease 0.49 0.20–1.19 0.116
CCI score, an increase of 1 point 1.02 0.82–1.27 0.851
EuroSCORE II, an increase of 1 point 1.17 1.02–1.33 0.021
MELD–XI score, an increase of 1 point 1.07 1.00–1.14 0.064
Chronic kidney disease stages 4–5 2.69 1.10–6.53 0.029
Hepatobiliary system impairment 7.19 3.48–14.86 <0.001
Cachexia 2.72 1.37–5.38 0.004
Clinical frailty scale, an increase of 1 point 1.35 0.98–1.85 0.065
Renin–angiotensin system inhibitors 1.38 0.70–2.72 0.347
Beta blockers 0.94 0.48–1.84 0.846
Mineralocorticoid receptor antagonists 0.45 0.23–0.89 0.021
Loop diuretics 0.46 0.23–0.93 0.031
Statin 0.63 0.32–1.27 0.197
Hemoglobin, an increase of 1.0 g/dL 0.87 0.72–1.05 0.144
Albumin, an increase of 1.0 g/dL 0.21 0.10–0.43 <0.001
Creatinine, an increase of 1.0 mg/dL 1.82 1.22–2.74 0.004
eGFR, an increase of 10 ml/min/1.73m2 0.83 0.68–1.02 0.071
B–type natriuretic peptide, an increase of 1000 pg/mL 3.60 1.85–7.03 <0.001
C–reactive protein, an increase of 1.0 mg/dl 1.13 1.00–1.28 0.058
Left ventricular end–diastolic volume, an increase of 10 ml 0.95 0.83–1.08 0.393
Left ventricular end–systolic volume, an increase of 10 ml 1.06 0.89–1.26 0.502
Left ventricular ejection fraction, an increase of 10 % 0.73 0.56–0.95 0.020
Left ventricular ejection fraction <40 % 1.78 0.85–3.71 0.127
Systolic pulmonary arterial pressure, an increase of 1 mmHg 1.02 0.98–1.05 0.333
Systolic pulmonary artery pressure ≥38 mmHg 2.29 1.16–4.53 0.017
Mitral valve regurgitation severity ≥2+ 1.32 0.51–3.40 0.571
Tricuspid valve regurgitation severity ≥2+ 1.61 0.77–3.36 0.207

CCI, Charlson Comorbidities Index; CI, confidence interval; eGFR, estimated glomerular filtration rate; MELD–XI, HR, hazard ratio; Model for
End–stage Liver Disease eXcluding International normalized ratio.
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EuroSCORE II, MELD-XI score, and CCI score. Secondly, a new prediction model (Cardiac and nonCardiac Comorbidities risk score: 3C
score) was constructed on the basis of the results of multivariate Cox regression analysis. Points were determined by dividing each
variable’s coefficient by the total sum of coefficients, multiplying the result by 8, and then rounding to the nearest integer. The 3C score
was assessed by a receiver operating characteristic (ROC) curve, and the cutoff point was acquired based the Youden index. Statistical
significance was set as a p value < 0.05. All statistical analyses were conducted using Stata version 14 (StataCorp, College Station, TX,
USA).

3. Results

3.1. Patient backgrounds

Among 239 patients, 226 (age, 86± 5 years; males, 38 %) were included after exclusion of missing data regarding TB, ALP, GGT, or
LVEF. Patient characteristics and echocardiographic parameters are displayed in Table 1. A history of myocardial infarction, cere-
brovascular disease, and concurrent congestive heart failure were noted in 19 (8%), 27 (12%), and 113 (50%), respectively. LVEF was
58 ± 11 %, and sPAP was 32 ± 10 %. Reduced LVEF, PH, CKD stages 4–5, hepatobiliary system impairment, and cachexia were
identified in 18 (8 %), 54 (24 %), 20 (9 %), 20 (9 %), and 49 (22 %), respectively. The EuroSCORE II, MELD–XI, and CCI score were
3.36 (2.12–4.58), 5.35 (3.05–8.55), and 2 (1–3), respectively.

3.2. Risk assessment of two-year all-cause mortality

Two-year all-cause and cardiac mortality were observed in 34 (15 %) and 7 (3 %) patients. The follow-up duration was 676
(365–1027) days. The results of univariate Cox regression analysis for two-year all-cause mortality are disclosed in Table 2. It is
noteworthy that the MELD–XI and CCI score did not predict the clinical outcome (HR for MELD–XI, 1.07; 95 % CI, 1.00–1.14; p =

0.064; HR for CCI score, 0.97; 95 % CI, 0.78–1.22; p = 0.825), whereas EuroSCORE II did (HR, 1.17; 95 % CI, 1.02–1.33; p = 0.021).
HRs for reduced LVEF and PH were 1.78 (95 % CI, 0.85–3.71; p = 0.127) and 2.29 (1.16–4.53; p = 0.017). Noncardiac comorbidities,
such as CKD stages 4–5, hepatobiliary system impairment, and cachexia, were strong predictors (HR for CKD stages 4–5, 2.69; 95 % CI,
1.10–6.53; p = 0.029; HR for hepatobiliary system impairment, 7.19; 95 % CI, 3.48–14.86; p < 0.001; HR for cachexia, 2.72; 95 % CI,
1.37–5.38; p = 0.004).

3.3. Comparison of the 3C score with existing models

Table 3 indicates the 3C score based on the results of multivariate Cox regression analysis, which identified reduced LVEF, PH,
hepatobiliary system impairment, CKD stages 4–5, and cachexia as significant predictors. Each weighted point of the included vari-
ables ranged from 1 to 3. Supplemental Fig. 1 shows the distribution of the 3C score. The new score ranged from 0 to 5 points. The C-
statics of the 3C score, EuroSCORE II, MELD-XI score, and CCI score were 0.767 (0.666–0.867), 0.610 (0.491–0.729), 0.580
(0.465–0.696), and 0.489 (0.367–0.611), respectively (p< 0.001) (Fig. 1). The cutoff value for the 3C score was 3 points. Compared to
patients with a 3C score of <3 points, those with a score of ≥3 points indicated higher 2-year all-cause mortality (HR, 7.08; 95 % CI,
3.55–14.12; p < 0.001). Fractional polynomials demonstrate that the 3C score strongly predicted 2-year all-cause mortality (Fig. 2).

4. Discussion

The current study provides a new prediction model for assessing cardiac and noncardiac comorbidities in patients following TAVR.
The 3C score was constructed based on the weighting of each coefficient. It is noteworthy that the impact of noncardiac comorbidities
on two-year all-cause mortality was similar to, or even exceeded that of cardiac comorbidities. Evaluation of hepatobiliary system,
renal function, and cachexia should be conducted prior to TAVR for better patient selection.

Even in the setting of cardiac diseases, concomitant noncardiac comorbidities are common and can affect treatment efficacy and
prognosis, e.g. the impact of guideline-directed medical therapy has been reported to differ based on noncardiac comorbidities in
patients with heart failure [19,20]. According to our 3C score, noncardiac comorbidities were at least as strongly associated with
long-term mortality as were cardiac comorbidities. In particular, hepatobiliary system impairment showed the strongest association
with two-year all-cause mortality despite the fact that the most patients with such disorders did not progress to liver cirrhosis.

Table 3
Multiple Cox regression analysis for two–year all–cause mortality.

Coefficient HR 95 % CI p value Point

LVEF <40 % 1.58 4.84 1.71–13.69 0.003 2
Pulmonary hypertension 1.12 3.05 1.49–6.24 0.002 1
Hepatobiliary system impairment 2.26 9.54 4.33–21.00 <0.001 3
CKD stages 4–5 1.16 3.19 1.28–7.97 0.013 1
Cachexia 1.04 2.84 1.42–5.69 0.003 1

CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; LVEF, left ventricular ejection fraction.
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Tirado-Conte et al. reported high mortality in patients with Child-Pugh class B or C [21]. Decompensated cirrhosis is generally irre-
versible, and few options are available to improve its prognosis [22]. To avoid futile treatment, physicians may avoid performing TAVR
for patients with advanced stages of liver cirrhosis. Meanwhile, liver impairment without liver cirrhosis may be reversible, and any
intervention for such disorders can improve prognosis. Cardiohepatic syndrome could be resolved after TAVR for decompensated heart

Fig. 1. Comparison of the C-statistics of the 3C score and existing prediction scores
The C-statistic of the 3C score (0.767 [0.666–0.867]) was significantly higher than that of the EuroSCORE (0.610 [0.491–0.729]), the MELD-XI score
(0.580 [0.465–0.696]), and the CCI score (0.489 [0.367–0.611]).
3C score, Cardiac and nonCardiac Comorbidities risk score; CCI, Charlson Comorbidities Index; MELD-XI, Model for End-stage Liver Disease
eXcluding International normalized ratio.

Fig. 2. Association of the 3C score with 2-year all-cause mortality
Fractional polynomials show that 2-year all-cause mortality increased with higher 3C scores, including LVEF <40 %, pulmonary hypertension,
hepatobiliary system impairment, CKD stages 4–5, and cachexia.
3C score, Cardiac and nonCardiac Comorbidities risk score; CKD, chronic kidney disease; HR, hazard ratio; LVEF, left ventricular ejection fraction.
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failure due to severe AS if the duration of congestion is not prolonged. However, congestive hepatopathy is usually subclinical, making
it difficult to recognize. Long-term hepatobiliary system impairment would induce irreversible cardiac systolic and diastolic
dysfunction, and impaired cardiac beta-adrenergic responsiveness [23] even if patients do not develop liver cirrhosis. Considering the
high prevalence of CHF, patients with hepatobiliary system impairment in our cohort may present with advanced stages of the disease.
This comorbidity might not be completely cured and remained a poor predictor. Similarly, although hepatitis C virus is highly curable
using direct-acting antiviral agents [24] and non-alcoholic steatohepatitis can improve through a combination of a healthy diet and
exercise [25], a delay in treatment delivery may impair the efficacy of TAVR. Future studies should investigate whether etiologies of
hepatobiliary system impairment or changes in liver parameters following TAVR affect survival prediction. CKD has been reported to
be associated with poor prognosis [26] and to attenuate treatment effects [19]. Some patients may present with cardiorenal syndrome
due to severe AS leading to decompensated heart failure. Distinguishing between patients with and without reversible renal
impairment may contribute to improving predictive ability. Compared to hepatobiliary and renal impairments, there is little room to
improve prognosis in patients with cachexia, which may represent chronic inflammation; given that its treatment is difficult, pre-
vention is essential. For selected patients with cachexia, effective strategies may include optimizing their diet, prescribing nutritional
supplements, or implementing dietitian-led interventions during hospitalization to achieve daily calorie and protein targets [27]. The
adverse clinical impact of reduced LVEF and PH in the current study was consistent with previous studies [28,29]. LVEF and sPAP can
be affected by afterload mismatch, removal of which may lead to normalization of such parameters. However, our study demonstrated
that both comorbidities were associated with higher long-term mortality. In some patients, such comorbidities persist after TAVR. If
reduced LVEF is mainly caused by irreversible myocardial damage, then the procedure is not expected to improve function.
Furthermore, some patients might present with pre-capillary PH, which is not affected by TAVR.

Our 3C score is simple and evaluates both cardiac and noncardiac comorbidities. Although the CCI score includes a wide range of
comorbidities, the C-statistic was low in the modern era. Either the evolution of medical treatment or lower incidences of certain
disorders, such as hematological malignancies, might contribute to the low predictive ability. Furthermore, solid tumors may grow
slowly in older patients. Considering the improved current prognoses of AIDS and malignancies, the weight of each disorder should be
different between the 1980’s and the 2020’s. The EuroSCORE II includes some parameters used in our 3C score, such as LVEF, PH, and
renal function. However, the C-statistics of the 3C score were higher than those of the EuroSCORE II. This suggests the importance of
hepatobiliary system impairment and cachexia in predicting long-term mortality. The MELD-XI score evaluates only a part of
comorbidities.

It is noteworthy that the incidence of noncardiac mortality was as high as approximately eighty percent in the present cohort.
Similar incidences were observed in previous studies including patients following TAVR [30–32] as well as those with heart failure
with preserved LVEF [33]. As a result of successful TAVR, such patients would succumb to noncardiac death or die of natural causes
instead of cardiac death. Physicians should not overlook treatable noncardiac events such as infection.

Our new prediction score indicated the importance of both cardiac and noncardiac comorbidities in evaluating long-termmortality
in patients following TAVR for severe AS. Some patients may present with irreversible disorders, leading to futile procedures and a
poor prognosis. A previous study indicated that the prognosis of a conservative treatment strategy was acceptable among asymp-
tomatic patients with severe AS compared with the prognosis in patients who underwent TAVR or surgical aortic valve replacement
[34]. Therefore, it may be reasonable for physicians to consider selecting conservative treatment strategies for asymptomatic patients
with severe AS and a high 3C score.

4.1. Limitations

There are some limitations to be addressed. Firstly, the 3C score was not validated in this study because our cohort did not include a
sufficient number of patients available for a validation cohort. This score should be assessed in other populations in the future. Sec-
ondly, PH was not diagnosed by right heart catheterization but by echocardiography. Nevertheless, the association between invasive
and non-invasive assessment has been well investigated [13]. Thirdly, our cohort lacked information on body weight loss over six
months. Although our cachexia definition aligned with previous studies [15,20,35], incorporating data on body weight loss might
provide a more accurate predictive value. Finally, because of the nature of a retrospective study, detailed etiologies of the hep-
atobiliary system, renal impairment, and cachexia were not sufficiently investigated. Exclusion of reversible disorders from the 3C
score may improve its predictive ability.

5. Conclusions

Cardiac (reduced LVEF and PH) and noncardiac (hepatobiliary system impairment, CKD stages 4–5, and cachexia) comorbidities
were associated with a higher incidence of long-term all-cause mortality in older patients following TAVR for severe AS. The 3C score
based on these comorbidities may contribute to the risk stratification of such fragile patients and avoid futile procedures.
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